In the 1980s and 1990s, prevailing views of the eukaryote tree of life were strongly influenced by phylogenies of small subunit ribosomal RNA (rRNA) genes [1] . Although these analyses placed many eukaryotes into major groups, it became clear that the relationships amongst these groups could not be determined because of the limited information available in a single gene, as well as methodological artifacts [2] . More recently, a 'six super-groups' hypothesis for deep eukaryote phylogeny emerged as a synthesis of analyses of sequence data for rRNAs, concatenated sets of conserved proteins and organellar genomes, and some detailed ultrastructural comparisons [3] . The six super-groups proposed are the opisthokonts, Amoebozoa, Archaeplastida, chromalveolates, Rhizaria and Excavata. In the absence of outgroup sequences that are sufficiently closely related to allow reliable rooting of eukaryotes in molecular phylogenies, Cavalier-Smith and colleagues proposed that the presence or absence of a dihidrofolate reductase-thymidylate synthase (DHFR-TS) gene fusion [4] and specific myosin gene families [5] in diverse eukaryotes could be used to infer that the eukaryote root falls between so-called 'unikonts' (opisthokonts and Amoebozoa) and 'bikonts' (all other super-groups), as shown in Figure 1 . Both the six super-groups model and the unikont-bikont root hypothesis have been controversial since they were first proposed [6] . Now, with the rapid accumulation of genome-scale data for diverse protist species, a flurry of phylogenomic analyses [7] [8] [9] are putting these hypotheses to the test.
A recent paper by Minge et al. [7] reports phylogenomic analyses of the enigmatic protist Breviata anathema, a small amoeba-like cell with an anterior flagellum. Breviata is interesting for two major reasons: it lives in low oxygen conditions and The relationships amongst the six super-groups of eukaryotes are shown as recovered by Minge et al. [7] and other recent phylogenomic analyses [8, 9] . The hypothesized super-groups are colour-coded as follows: opisthokonts (purple), Amoebozoa (light blue), Archaeplastida (green), chromalveolates (orange), Rhizaria (dark blue) and Excavata (brown). Note that recent evidence suggests that Rhizaria are specifically related to some chromalveolates [8, 9] . The tree is shown as rooted according to the unikont-bikont hypothesis [5, 14] . Anaerobic/microaerophilic protistan lineages that lack classical mitochondria are shown in red. The numbers in ellipses show the inferred ancestral number of basal bodies per kinetid (flagellar unit) in the various eukaryote lineages. The plus (+) indicates that Breviata may contain more basal bodies than the number cited whereas the asterisk (*) indicates that one basal body is non-flagellated.
Dashed lineages indicate uncertainty in the location of that branch on the tree (see text).
lacks classical mitochondria; and its flagellar apparatus has at least one additional non-flagellated basal body ( Figure 2 ). Breviata was originally assumed to be a member of the Archamoebae, a group of mitochondrion-lacking amoebozoans that includes organisms such as the human amebic dysentery parasite Entamoeba histolytica and the giant multinucleate amoeba Pelomyxa palustris. Archamoebae gained notoriety in the 1980s because they were widely believed to be primitive eukaryotes that had diverged prior to the endosymbiotic origin of mitochondria [10] . The subsequent finding of mitochondrial marker proteins and relict mitochondrion-derived organelles of unknown function in several Archamoebae [11, 12] proved this hypothesis wrong. Indeed, evidence for the retention of relict mitochondria in many other anaerobic protists ( Figure 1 ) suggests that no eukaryote lineages persist from a pre-mitochondrial phase of eukaryote evolution [10] . Several molecular studies, however, suggested that Breviata was not related to the other Archamoebae, and a recent ultrastructural investigation [13] showed that Breviata has a completely different organization of its cytoskeleton and other organelles. Suddenly Breviata became of key interest for early eukaryote evolution: it was not assigned to any major eukaryote group, and it was just possible that Breviata was the only primitively amitochondriate eukaryote lineage still alive today.
Minge et al. [7] soundly refute this possibility. They conducted an expressed-sequence tag (EST) survey of Breviata anathema and, from these data, constructed a data set of 75 proteins for phylogenetic investigations. Sophisticated analyses indicate that Breviata is most closely related to Amoebozoa, the super-group to which the Archamoebae also belong. Provided the root of the eukaryotic tree falls elsewhere, this sister-group relationship between Breviata and the ancestrally mitochondrion-containing Amoebozoa demonstrates that Breviata too descends from a mitochondrion-containing ancestor. Even more convincingly, the authors found within their EST data sequences encoding mitochondrial marker proteins such as chaperonin 60 and tim17. These findings, combined with electron microscopy evidence of a double membrane-bounded organelle [13] , suggest that Breviata does contain some sort of relict mitochondrion.
Anaerobic and microaerophilic protists with mitochondrion-derived organelles are scattered across the eukaryotic tree (Figure 1) , and a vibrant sub-field of evolutionary cell biology is devoted to understanding how these organelles evolved to function in low oxygen conditions [10] . Does Breviata represent another independent lineage of eukaryotes with modified mitochondria? In Minge et al.'s [7] main analysis, Breviata branches robustly as the sister to all other Amoebozoa, as shown in Figure 1 , implying that they are distinct from other taxa with modified mitochondria. Intriguingly, however, analyses that exclude the rapidly evolving sites in their protein alignments [7] place Breviata inside Amoebozoa as the sister group of Archamoebae, suggesting they might share a common anaerobic ancestor.
Which phylogenetic position is correct? Minge et al. [7] prefer the deep-branching position, citing the lack of conserved Amoebozoa-specific sequence features in the small subunit rRNA genes from Breviata. On the other hand, divergent lineages are often placed too deep in phylogenetic analyses as a result of long-branch attraction artifacts [2] , and removal of rapidly-evolving 'noisy' sites is sometimes an effective strategy for combating this artefact. Although Minge et al.'s [7] preference is reasonable, it will need to be tested by future analyses with better sampling of amoebozoan species.
Even more interesting, the placement of Breviata as a basal amoebozoan calls into question the nature of the common ancestor of extant eukaryotes implied by the unikont-bikont root hypothesis. Cavalier-Smith [14] proposed the names 'unikonts' and 'bikonts' based on a scenario for the evolution of the flagellar apparatus. In most eukaryotic cells the flagellar apparatus is the centre of organization for the cytoskeleton. Its core is usually a single 'kinetid' consisting of one or more basal bodies, which may either give rise to flagella, or be nonflagellated. Cavalier-Smith argued that ancestral eukaryotes had a simple kinetid with one basal body anchoring one flagellum. He further suggested that the 'unikonts' had retained this ancestral organization, whereas the 'bikonts' descended from a common ancestor that had evolved a kinetid with two flagella, one anterior and one posterior.
In 'bikonts' studied to date, a characteristic ontogenetic flagellar transformation process occurs during cell division. New basal bodies always become the anterior units, while existing basal bodies become the posterior units in the daughter cells. This means that the anterior flagellum of the parent transforms into a posterior flagellum in one of the daughters. Cavalier-Smith [14] suggested that the bikont kinetid and associated flagellar transformation are important shared derived characteristics of the 'bikonts'. These derived characters combined with the the DHFR-TS gene fusion character exclude the possibility that the root of eukaryotes falls within the bikonts.
One problem for this hypothesis was the fact that many 'unikonts' actually have more than one flagellum or basal body in their kinetids. Opisthokonts with flagella characteristically have two basal bodies -one bears a flagellum, while the second does not. Meanwhile, the flagellated cells of some amoebozoan slime moulds are biflagellated, or at least have a second basal body in the kinetid [15, 16] . Cavalier-Smith [14] argued that the 'unikonts' with a second flagellum or basal body resulted from convergent evolution, rather than common ancestry with 'bikonts'. To support the independent evolution argument, he pointed to an early study of the myxogastrid slime mould Physarum polycephalum, where the flagellar transformation pattern was interpreted to be the reverse of that found in 'bikonts' [17] . Consistent with the independent evolution argument, biflagellated slime moulds seemed to branch inside Amoebozoa, which otherwise have one basal body per kinetid, or none at all. This is where Breviata becomes key to the discussion, as an additional, deep-branching Amoeobozoan lineage with at least two basal bodies. If we map the number of basal bodies per kinetid onto a likely eukaryote phylogeny including Breviata (Figure 1) , the idea the 'unikonts' were ancestrally unikont looks increasingly untenable. If the basal position of Breviata within Amoebozoa is correct, it is at least as parsimonious that the last common ancestor of Amoebozoa had two basal bodies rather than one, if outgroups are not considered. But as every other major group of eukaryotes can be inferred to have originally had two basal bodies (Figure 1) , the most parsimonious interpretation is clearly that the last common ancestor of the Opisthokonts and Amoebozoa was 'bikont', as was the most recent common ancestor of all extant eukaryotes! What about the supposedly backwards flagellar transformation in the biflagellated unikont Physarum? An apparently overlooked re-examination of flagellar ontogeny in Physarum [18] indicates that original interpretation [17] was incorrect, and that its flagellar transformation process resembles that of bikonts after all. Regardless of whether 'unikonts' are truly a super-clade of eukaryotes, the name 'unikonts' is probably a misleading description of this group. Many are not unikont in a strict sense and their last common ancestor seems to have had two basal bodies. Furthermore, if our interpretation is correct, the name 'bikonts' should really refer to the group containing all living eukaryotes and would cease to be useful.
But what about the placement of the root in the eukaryote tree? So far, phylogenomic analyses support a bipartition between so-called 'unikonts' and 'bikonts', but they can say nothing about the location of the root. Although the arguments regarding the myosin gene family data and the DHFR-TS gene fusion that support a 'unikont'-'bikont' root have yet to be refuted, they were based on a very narrow sampling of eukaryotic genomes then available, many of which completely lacked recognizable myosin, DHFR or TS genes. Furthermore, at least one group, the apusomonads, has the bikont-type DHFR-TS fusion character [4] , but shows phylogenetic affinity with (and could fall within) 'unikonts' [19] . The position of apusomonads is in urgent need of clarification. As genomic data become available from many more protists, it will be important to watch for the presence of gene families and gene fusions that are discordant with the original unikont/bikont root hypothesis.
All of this suggests that, with the current pace of change in our understanding of the eukaryote tree of life, we should proceed with caution. There are several important taxa whose phylogenetic affinities to the major super-groups remain controversial (the apusomonads, for example) or unknown (the collodictyonids, for example) and whose cellular properties once clarified and placed in a robust phylogenetic context could radically alter our view of early eukaryote evolution. Resolution of the remaining questions regarding the eukaryote tree of life and the nature of the last common ancestral eukaryote almost certainly depends on both genomic and ultrastructural studies of a wider array of protistan species that better represent the true diversity of eukaryotes.
